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ABSTRACT 
In response to the high cost and unsightly appearance of 
existing breakwaters, a new type of breakwater was designed 
and installed in Sea Isle City, New Jersey. An 18 month 
monitorirtg study of the,structures was carried out by a Lehigh 
University research group. This study irtcluded measurement of 
seasonal beach profiles, sediment sampling, and wave 
observations throughout tbe study'duration. Analyzed results 
indicate some beach growth, but the overall effectiveness of 
the units is questionable. 
1 
1.0 INTRODUCTION 
1.1 Backgro.und 
1.1.1 The New Jersey Shore 
Many of the beaches along the New Jersey shore, as well 
as the shoreline of much of the coastal states, are· eroding. 
The primary causes for this b~ach retreat are the lack of 
supply of sand to the beaches due ·to development on the 
coasts, and the rise in sea level. Beach erosion can be a 
major concern because it puts into jeopardy all forms of 
shoreline structures. New Jersey beaches are located on a 
series of barrier islands along the coast, and the large 
majority are very well developed. The economy of the state is 
affected by beach erosion as it impacts the environment ~nd 
the recreational value of the beaches, as well as taking away 
the natural protection that the beaches give to developed 
areas. 
Due to the importance. of the- shoreline many efforts are 
made to hinder beach retreat. There are two methods by which 
to fight erosion. One is to periodicaliy place beach fill 
material on the beaches "in order to nourish them. The second, 
which can be used in conjunction with beach nourishment, is to 
., Qtilize s~ructures to provide protection for the shoreline. 
There are various types of these structures used in New 
2 
Jersey. Two of the mos~ extensively ,employed are groin$ and 
seawalls. Briefly, groins are placed perpendicular to the 
beach and are attached to the beach at on~ end. Sand drifting 
along the shore ~ccumu_lates adjacent to the structure as it is 
trapped on the side facing the approaching longshore 
transport. Problems encountered with groins are that they have 
little i~pact on offshore transport ot sand that usually 
accompanies storms, and that they tehd to starve downdrift 
beaches. Seaw~lls, ~hich are built parallel to the shoreline 
and on the beach, protect the shore on the landward sid~ of 
the structure. However, they have a tendency to harm seaward 
beaches as erosion can occur when waves reflect off the 
structures. 
A type of beach protection that is currently bein9 tested 
in New Jersey is an offshore structure constructed parallel to 
the beach. These offshore breakwaters tend to be enormous as 
they are usually placed outside the surf zone in deeper water. 
Their function is to trigger the waves to break offshore and 
thus dissipate wave energy ~efore it reaches the shore, with 
higber structures partially intercepting aDd reflecting the 
waves~ This creates a relatively mild surf zone behind the 
structures in which transported sand tends t9 accumulate. ·one 
advantage is that offshore transport is hindered during storms 
giving them an advantage over groins. Conversely, they tend 
3 
to interfere with beach building during calm ·wave periods. 
The. primary drawback to these structures is their cost, which 
is extremely high in accqrdance with their great ... size. A 
secondary drawb~ck is their unpl~asant appearance and theit 
tendency to obstruct views, which is not the cas~ for groins 
or beach nourishment. 
1.1.2 "Beachsaver" Breakwaters 
With the huge· expense of these structures in mind, 
Breakwaters International, Inc. has developed a shore 
protection s_ystem which utilizes "Beachsaver" breakwater 
units. These units are made up of a series of interlocking, 
precast concrete ~odules having the profile geometry shown in 
Figure 1. "Beachsaver" bregkwaters are installed such that; 
their crest elevation is equal to the water depth at .mean low 
tide, thus enabling them to· be smaller than the large 
structures and cutting the cost. ~heir design will 
theoretically minimize toe scotir with a filter fabric plaped 
under the units, and provide a structure ~hat will adjust to 
the unstable ocean bottom accordingly. The- interlocking 
nature of the modules is expected to allow movement within the 
units while maintaining their effectiveness in co:mbatting 
beach erosion. 
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1.1.3 Installation of "Beachsaver" Units 
The units were to be installed at the project location in 
April 1989. Initial plans involved the use of two 250-foot 
lohg sections .located aoo· feet apart about 600 feet from 
Landis Avenue, the central road in Sea Isle City, which is 
detailed later in the description of the study area. 
These ·plans were changed and a new plan formulateq which 
required two 200-foot ~ong units spaced 100 feet apart, but 
still 600 feet offshore as seen in Figure 2. 
In Jul~, 1989 installation of the modules abtually began, 
with the work being carried out by a helicopter and divers. 
However, when the helicopters hovered above the divers, the 
downward draft created rough waves which made placement of the 
~nits nearly impossible, thus leading to further delay. 
The uni ts were eventually installed in early October, 
1989 .by a crane located on the beach. This manner of 
inst~llation, in which the crane could not travel off of the 
beach, limited the distance that the structures could be 
placed offshore. The uni ts were therefore placed 
appr.oximately 4.50 feet from Landis Avenue. 
:J..2 Overview 
The monitoring work followed placement of the units. on 
March 18, 1989 an initial set of profiles was surveyed in 
6 
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0 
l 
accordance with the assumed .installation date of April, 1989. 
Benchmarks wer~ established and the dunes were includ~d in the 
0 
profiles. These lines were planned according to the spacing 
and location of the units as initially proposed. 
With a new proposal calliDg for different installation 
dates (June, 1989) and layout, a new survey was ·required and 
carried out on May 30, 1989. This survey included new 
benchmarks and profile lines as well as dune profiles. The 
dun~s ct.id not show any signs of noteworthy change throughout 
the .project, and thus were not further surveyed. 
Further delays made necessary another set of beach 
profiles ~hich were taken on June 27-29, 1989. Along with the 
pro{ile surveys, ~and samples were taken approximately at MSL 
for each of the lines. 
' 
.f Final installation of the units in October was followed 
by beach surveys on October 14, 1~89. These surveys were 
again accompanied by a collection· of sand samples. 
Wave observations were iriitiated in August, 1989 and were 
taken regularly through_ April, 1991. Periodic surveys of the 
beaches were undertaken on the following dates: January 27, 
1990, May 8, 1990, September ·1s, 1~90, January 12, 1991, and 
April 13, 1991. 
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1 .. 3 Objectives 
The objectives of this study are: 
1. To observe the beach's response to the. "Beachsaver" 
units and to monitor the changes in the beach 
pr·ofiles at chosen locations in the project area. 
2. To preseDt the data collected during the study period 
and to analyze the data accordingly. 
3. To evaluate the performance of the "Beachsaver" units 
and provide recommendations for ftiture use. 
9 
2.0 LITERATURE REVIEW 
Many reports 'have been written on offshore breakwaters 
including design guidelines, historical reports, effectiveness 
studies, and ihvestigations of parameters such as wave 
transmission, overtopping, and salient shape. In order t6 
better understand the "Beachsaver" proje~t, these types of 
reports were reviewed and they provide a solid foundation for 
further breakwater analyses. 
Background information on the study area, including 
bench~ark elevations and locations, was obtained from tverts, 
et al. (1980). This report detailed the results. of a u.s~ 
Army, Corps of Engineers investigation of peach changes on 
Ludlum Beach, New Jersey~ The study provides data that was 
accumulated through profile surveys from October, 1962 to 
March, 1972. Detailed descriptions of the area were included, 
as were data on sediment transport and tides. 
A report from the Coastal Engineering Research Center 
(ba1·1y and Pope, 1986) contains general design guidelines for 
detached breakwaters. This paper was based on an in-depth 
literature review and investigation of existing offshore 
breakwaters. Included are a review of the function of the 
structures, a review of United States breakwater projects, and 
de~ign considerations, procedures~ and conclusions. 
10 
A new approach to offshore breakwater design has been 
developed by the Japenese Ministry of Construction and is 
described in R6sati and Truitt (1990). ·This approach is based 
on data obtained from over 1500 breakwaters that were 
constructed under JMC supervision. In addition to reviewing 
and presenting the· JMC method, the report also provides 
example problems in which this approach is used. Conclusions 
are drawn and results are analyzed. 
Rosati ·(1990) also reviews various types of empirical 
methods for offihore structure design. The JMC method is 
included, as are many other prominent design techniques. Each 
is presented and reviewed, followed by a comparitive analysis 
with resulting summaries and recommendations. An analysis of 
Japanese detached breakwaters was printed . 1n the 1988 
Proceedings of the International Conference of Coastal 
Engineering (Uda, 1988). In this report 1552 bteakwaters were 
investigated according to their impact and .stability. Various 
dimensions are statistically· analyzed and conclusions are 
drawn accordingly. 
A similar paper is presented in the- 1980 publication of 
the above conference (W~lker et al., ~980) .. On Lake Erie 
three segmented ·breakwaters were constructed to protect the 
beachfill for a recreational area. This publication analyzes 
the structures similarlt to Uda's paper, and also presents 
11 
construction procedures, ~onitoring methods, and details of 
the project area. Conclusions are ag~in given and 
recommendations are presented for future study of ·the area and 
breakwater use. 
One of the parameters examined in the implementation of 
offshore breakwaters is sand accretion. Results of an 
examination of salient formation.behind single structures are 
presented in Hsu and Sylvester, 1990. Empirical methods are 
given by which to find the apex position of a salient and the 
general shape. 
Two other important features of breakwaters are wave 
transmission and reflection. A technical report of Seelig 
(1980) details methods which can aid . 1n predicting 
transmission and reflection characteristics of detached 
breakwaters. This investigation included both laboratory 
experiments and a review of previous work in the field. 
One very relevant report by: Dalrymple, et al. (1991) 
describes the implementation and result.s of physical model 
tests of "Beachsaver" breakwaters. These tests examined 
energy reflection and transmission of the structures,. 
stability of the units, flow fields around the breakwaters, 
and shoreline response. 
The "Beachsaver" breakwaters, which theoretically act as 
most existing offshore breakwaters, do not follow many pf the 
12 
proposed design guidelines that are detailed in the above 
reports. ·The spape of the structures is different from most 
breakwaters in that the surface encountered by the incoming 
waves is comparatively smooth, and the landward face i.s very 
.steep. The height and offshore position of the units were 
proposed by the builder and do not follow any design 
standards, al though the length of the structures and the 
distance between them are very similar to the Lake Erie d~sign 
described by Walker, et al. ( 1980). "Beachsaver•i breakwaters 
are smaller and positioned farther seaward than ·most existing 
structures. 
13 
3.0 EXPERIMENTAL PROGRAM AND DATA 
3.1 Study Area and Structure Layout 
3.1.1 General Description 
The study tQok place on the barrier island known as 
.Ludlum Beach in the town of ·sea Isle City, New Jersey. This 
island is one of a series of long, narrow barrier islands 
along the southern coast of New J~rsey. It is located about 
100 miles south of New York City and 20 miles south of 
Atlantic City. The island is 7.5 miles long and 0.25 to 1 
mile ~ide. It is bordered on the north by· Coison's Inlet and 
on the south by Townsend's Inlet. The landward side of the 
island is characterized by bays, lagoon~, and marshes, while 
the seaward side contains most of the developed areas. 
Population concentrations exist in the centers of the two 
towns on the island, Sea Isle City and Strathmere, with 
inhabited areas running all along Ludlum Beach. 
The beach profiles for the area. are concaved-up near the 
shoreline. The beaches are made tip primarily of wel.1-rounded 
quartz, with remnants of feldspar, broken ·shells, pink garnet, 
and ilmenite. Outcrops of consolidated peat exist and tend to 
be exposed at lciw tides during fall, winter, and spring times 
of reduced sand volume on the beach. Man made dunes align the 
beaches except at the Sea Isle City and Strathmere bulkheads 
14 
and have heights averaging 8 to 15 feet above MSL. 
Shore protection works in the area have been varied. 
Seventeen groins exist on the island and are concentrated in 
the heavily populated areas· of Sea Isle City and Strathmere. 
A series of bulkheads has been constructed in both towns with 
varying degrees of success. These include different types of 
timber bulkheads with most having rubble armor toes. 
Artificial beach fi1ls were only used significantly as a 
result of the March 1962 storm, while dunes have been enhanced 
periodically. .B.oth Corson and Townsend Inlets have been 
dredged a nu~ber of times and some of the s~nd was placed on 
Sea Isle City's beaches. 
Prevailing winds come out of the west as Ludlum beach is 
located approximately at 3 9 degees N. latitude. .Northeast 
winds are brought to the region with low-pressure systems, 
while high-pressure systems bring strong northwest winds, 
especially in the winter months.. During the summer weaker 
winds tend to come from the south. Wind speeds are highest in 
the winter and lowest in the summer. 
The me~n tidal range in Sea Isle City is 4.1 feet while 
the spring range is 5.0 feet. Mean -wave height on the island 
is 1.8 feet with a mean period of 6.6 seconds (SPM, 1984)~ 
Waves tend to approach the beaches in a shore-normal 
direction, being slightly more from the north. This wave 
15 
direction drives the s~nd along the beach in the littoral zone 
and causes a net longshore transport to the south at an 
average of approximately 400,noo cubic yards per year, 
although_ yearly transport figures can vary greatly both to the 
north and south (Everts, 1980 and SPM, 1984). 
3.1.2 Structure Design 
The "Beachsaver" structl,Jres are composed of two sets of 
inter~connected units. Each unit is 5 feet wide and has a 
triangular cross section with a base of 15 feet and height of 
7 feet. A drawing of the cross section is shown in Figure 1. 
The seaward side of the unit has a stepped face to help 
dissipate wave energy~ Each structure is approximately 160 
feet long and they are spaced 100 feet apart. 
The structures are located approximately one ha·lf mile 
south of the town line dividing Sea Isle City and Strathmere 
as shown in Figure 3. They are at a depth of approximatsly 3 
feet below MSL and are about 450 feet seaward of the 
centerline of Landis Avenue and 350 feet from the seaward toe 
of the frontal dunes. 
3.2 Design of Monitoring Study 
Profile· surveys of the project area were conducted 
seasonally from Odtober 14, 1989· to April 13, 1991. Twelve 
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profile lines were selected-and labeled A through L with their 
locations shown in Figure 2. These profile locations were 
planned to symmetrically surround the two structures with an 
additional line L being placed approximately at the town line 
dividing Sea Isle City and Strathmere. This set up would have 
line F at the cente.rline between the two structures, with 
lines A through E and G through K spaced north and south of 
that centerline accordingly. Final placement of the units, 
however, caused line i to be closer to the southern end of the 
northern unit. Profile$ c, D, E, G, H, and I are iocated in 
100 foot intervals from F; profil~s Band J are 150 feet from 
c and I; and A and K are located 225 feet from B and J. 
Profile L ·was monitored to determine if there would be any 
effect on the beaches north of the structures in the city of 
Strathmere. 
The initial surveys of June 1989 were tied in to existing 
benchmarks in Sea Isle City. One of these is the ~.J~P.C.S. 
monument·No. 5741 which is found on the seaward side of Landis 
Avenue approximately 630 feet south of· profile A. This 
benchmark served as the r~ference for data acquired. Another 
monument exists on the landward side of Landis Avenue almost 
directly opposite profile I. Both monuments a;re referenced to 
the National Geodetic Vertical Datum of 1929. 
April, 1991 profile surveys include elevations taken 
18 
along the crest of the structures, indicating high and low 
points of the 29 units. These will be compared to data taken 
in January, 1990 by local land surveyors contracted by 
i·-Breakwaters International. _.,._. 
In addition to the beach profiles, wave observations were 
made in the region of the project site. These littoral 
environmental observations (LEO) provide a means by which the 
wave climate for an area is defined and sediment transport 
t~ends are indicated (Schneider, 1980). LEO programs involve 
visual observatioris of the incoming waves and data suqh as 
breaking ~ave height, angle of wave approach, wave period, and 
wind information are recorded. 
Beach samples were collected at each profile line at the 
beg_inning and end of the monitoring program in order to 
determine any changes in sediment size. 
3.3 Field Methods for Monitoring Beach Changes 
Benchmarks on Landis Avenue act as the initial points of 
each profile. The lines then run over the dunes and out to 
points below sea level that -are beyond the "Beachsaver" 
structures. Only the intial surveys included dune elevations 
as the dunes did not show much change besides an accumulation 
of wind blown sand at the toe. Landis Avenue runs parallel to 
the shoreline and se~ved .as a reference line for the surveys. 
19 
standard. surveying practices were employed. .. . An engineering 
level, rod, and tape were used to tak~ readings out to the 
water's edge, and from that point stadia ·readings .were used. 
In order to get much use from the more accurate rod and tape, 
stirveys were run approximately at times of low tides, thus 
allowing the rod person to tape out to as great a distance as 
possible. The data obtained is then reduced and plotted as 
beach profil~s r~ferenced to the NGVD 1929 datum, using NJPCS 
5741 as a benchmark. 
LEO data ~as obtained by Lehigh University'~ Stone Harbor 
Marine Laboratory~ A technician from this institution took 
visual readings on a nearly daily basis at the site and 
relayed the information to the campus project team~ 
Sand samples were analyzed in a settling tube at Lehigh 
University. For each profile line a sample was ta-ken at 
approximately mean sea level, and particle size distributions 
were obtained from the analyses. 
3.4 Data Collected 
Results of the beach profile surveys are presented in 
Figures 4,5, and 7 to 16. Plots of surface elevation versus 
horizontal distance are shown. Horizontal distances are shown . . 
to the nearest half foot, while elevation is plotted to the 
nearest hundredth of a foot based on the 1929 NGVD datum. 
20 
Those profile lines that cross the structures indicate the 
location of the "Beachsaver" unit with an asterisk. 
Th.e structures are depicted in Figure 17 with crest 
elevations taken in January, 1990 and April, 1991. These are 
not detailed drawings of the breakwaters, but rather simple 
figures which indicate changes in the structures' cr~st 
positions over the course of the project. 
Figures 18 to 23 display LEO data for each of the seasons 
of the duration of the project. Observations were made fairly 
regularly throughout each month and the plots show calculated 
energy flux factbrs, P1s, versus data collection points (See 
Section 4.4). Positive Pis values indicate sediment transport 
to the north, while southernly transport is associated with 
nega_ti ve values. 
Table 1 shows data from sand size distributions for each 
profile. Both sets of data tabulate the 16, 5·0, and 84 
percent coarser Phi unit sizes for the sand samples. These 
Phi . sizes are logarithmic transforma~ion of sediment 
diameters, thus measured diameters are easily calculated 
(Griffiths, 1967). 
21 
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Table 1 
SEDIMENT SAMPLE -ANALYSES 
INITIAL PROFILES FINAL PROFILES 
STATION Phi 16 Phi 50 Phi 84 Phi 16 Phi 50 Phi.84 
A l.882 2. 207 2.446 1.805 2.359 
B 1.730 2.155 2.408 1. 6.20 1.874 2.198 
C 1.642 2.011 1. 390 1.761 2.125 
D 2.100 2.247 2.450 1. 509 1.921 2.229 
E 1.500 2.012 2.301 1.421 1.849 2.253 
F 1.588 1.958 2.276 1.111 1.755 2.098 
H 1.448 1. 866 2.197 1.-868 2.086 2 . .306 
I 1.652 2.185 2.471 1.589 2.027 2.354 
J 1.404 2. 033 2 .. 530 1.191 1.798 2.2JO 
K 2.258 2.398 2.566 1.934 2.272 
L 1.491 2.179 2.651 1.807 2.157 2.408 
22 
4.Q DATA ANALYSIS AND DISCUSSION 
4.1 Profile Lines 
The profiles shown in Fig~res 4,5, and 7 to 16 indicate 
seasonal beach changes and graphically illustrate the scouring 
which occurred around the units in profiles C through G. The 
vertical scale is greatly exaggerated in the figtires and. tends 
to create the allusion of drastic- beach changes. One must 
take into account when examining the profiles th~t there were 
diffictilties encountered in exactly reproducing the offshore 
lines while surveying the beaches. Measuring along the beach 
and taping distances over the dunes hindered the process, 
while measuring distances exactly perpendicular to the street 
was impossible and thus approximated as accurately as 
pos$ible. These surveying shortcomings make data analysis of 
the profile graphs relative, and volumetric calculations were 
not made for this reason. 
4.1.1 Profile A 
Profiles A and B do not appear to have been affected by 
the "Beachsaver" structures. The graphs indicate fairly 
normal changes in the beach profiles, with sand accret.ing 
onshore in the .summer months of relatively calm. waves and 
eroding in the stormy winter months. There is a tendency for 
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an offshore bar to form from the eroded- sand being carried off 
the beaches. Examination of the end of in4ividual profiles 
shows this to be occurring, as summer and fall profile lines 
tend to drop off at the end of the profile, while winter and 
spring profiles become more level. The survey in April, 1991 
indicates an accumulation of sand just above sea level. The 
air photo from that month indicates the formation of a series 
of beach cusps to the south of the breakwaters which could 
account for this accretion. Causes for these cusps . 1S 
uncertain, but they do· not appear. to be related to the 
structures., although they could ~lter the beach shape in 
Profiles A, B, and c. 
4.1.2 Profile B 
Profile B, being closer to the breakwaters than the 
previous profile and thus more responsive to the str~ctures, 
would be expected to show more signs of accretion. However, 
only in Profile A is th~re an indication of beach growth. 
This is seen in comparing the annual beach shapes and there 
does seem to be a definite accretion ·of .sand around mean sea 
lev.el. There is a tendenecy for erosion to occur both north 
and south of the areas of accumulation be~ind breakwaters (See 
Figure 6) . This could be the case here, or it could be a 
simple matter of local beach pro9esses. 
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~ 0 
4.1.3 Profile C 
Profile C demonstrates the first signs of structure 
impact as it is located just south of the southern unit. The 
effects of scouring are evident from the January, 1991 survey, 
although the trench seems to have filled by April of the same 
year. Compari.sons between fall of 1989 and 1990 indicate a 
definite accumulation of material above mean sea level with. 
some erosion below that level. The winter surveys sh.ow a 
smaller beach in 1991, but this is: probably due to the severe 
weath·er on the J.ersey shore in January, 1991 as indic.ated by 
wave observations. The same holds true for spring surveys, as 
fuilder weather in the 1990 seasdn allows the beach to 
accumulate sand which was not possible the follwing year. 
4.1.4 Profile D 
The southern structure is intersected by Profile D near 
its cehter. The most glaring observations drawn from these 
surveys are the scour on the landward side of the structure, 
and the effects of erosion between January and April of 1991. 
'.The greatest amount of s.cour is evident in the winter, 1991 
profile. As mentioned above, this is most likely a result of 
the severe storms preceeding the survey. The final data point 
of that profile shows a rel.ativ~ly high. elevation behind the 
structure, in~icating the formation of an off shore bar in 
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which the scoured sediment may gather. The spring profile of 
1991 shows a great deal of erosion when compared to both the 
preceeding winter and the previous spring. Harsh weather 
again can be _partial1y blamed for this loss of volume, but 
another cause may be ~he settling of the structures. This 
problem is discussed below, but it is obvious that as the 
units sink their effectiveness is lessen~d with more wave 
energy reaching the beaches. Some accumulation . . is seen 
between the installation of the structures and.the fall of the 
following y~ar., but the last two surveys indicate no beach 
growth. 
4.1.5 Profile E 
Profile E, located near the northern end of the so~thern 
structure, shows limited scouring, as the hole does not appear 
to alter much from·May, 1990 to April of the next year. there 
does not appear to be any appreciable accumulation along this 
profile, with the exce.ption of berms at an elevation of 
approximately 5.0 ·feet. These berms are found in many of the 
following profiles, and may indicate initial accretion. 
However, farther seaward erosion is evident, and net beach 
growth appears to be negligible. This profile, as with the 
next one, tended to fall betwe~n the structures.. This is an 
area of comparatively high wave energy and the same amount of 
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accumulation is not expected as with Profiles D and G. 
4.1.6 Profile F 
The scour at this profile is misleading, because its 
shape is not well represented by the graph. This is due to a 
lack of profile points on the survey line which would provide 
a ,detailed sh~pe of the depres~ion. The depth is accurate, 
however, as a de~p hole formed at the southern end of the 
northern structure. A great deal of peat may have existed at 
this location and was probably scoured out by currents around 
the units and wave agitat.ion. As with the previous profile, 
there does not appear to be _any substantial ac9umulation along 
this line for reasons stated above. 
4.1.7 Profile G 
This surveyed line, comparable to Profile D, intersected 
the northern structure approximately at its ceriterline. 
Scouring on the 1andward side of the breakwater is again 
evident, as is an offshore bar seaward of the structure which 
seems to grow as the trench deepens. Sand accumulated on the 
beach in the first year of the study, while there are only 
signs of erosion in the last two surveys. The beach appeared 
to have been growing nicely, at fi~st above mean sea level and 
late~ right near it, but structure settlement and increased 
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storm waves were obvi6usly detrimental and took their toll on 
the profile. 
4.1.8 Profile H 
Profile H, located slightly to the. north of the northern 
structure, indicates so"me accumulation just above mean sea 
level during the last survey. This would be expect·ed with the 
energy flux factors indicating a net transport to the north~ 
Yearly comparisons show beach growth between the first two 
fall seasons, and predicted erosion by the harsher, second 
winter. Signs of scour are not evident in these survey lines, 
al though there are indications of the formation of an off shore 
bar which are noticeable when examining the final survey 
points of each profile. 
4.1.9 Profiler 
As with the previous survey line, some accretion can be 
found in the final survey of Profile I. It again occurs just 
above mean sea level and is due to the littoral drift of the 
prece.edlng seasons. There is evidence of other accretion 
throughout the project, with the exception of ·the January, 
1991 profile. Much of this bea.ch growth is found at or just 
below mean sea level, but it is doubtful that there is much of 
a net gain in sediment as farther landward the beach has 
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,. 
eroded. Fall surveys display typical patterns of beach 
profiles, with summer berms obvious (Sorensen, 1978). There 
is a definite increase in sediment volume between October, 
1990 and September of the following year near mean sea level, 
and the changing offshore bar is again evident. 
4.-1.10 Profile J 
Summ~r berms similar to the previous profile are shown in 
Profile J, but seaward of the berms the beach appears to be 
very stable. Accretion is seen between fall profiles, 
especially around mean sea level, but there is little other 
indication of beach response beyond normal, seasonal trends. 
As with Profiles A and B, this survey line and the next two 
are believed to ·be beyond the impact .range of the structures, 
therefore little beach change is expected. 
4.1.11 Profile K 
Berms are no longer seen at Profile K, and as stated 
above, no great impacts ·on the beach are seen. Simply the 
effects of normal beach processes are displayed in the 
seasonal profiles. 
4.1.12 Profile L 
This profile, located at the city limit of S-ea Isle City, 
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wa-s included to ensure that no adverse effects of the project 
were having an impact on the town of Strathmere. Profile Lis 
well out of the range of th~ breakwaters' effectiveness and 
indicates typicai profiles of a beach over a period of 1.5 
years. 
4.2 Structure Stability 
An_ unforseen problem with the breakwaters was their 
tendency to settle over time. Figure 17 gives a graphic 
representation of this p~enomenon for both the northern and 
southern structures. 
Different reasons can be hypothesized £or the changing 
crest elevations of the units, but the ·most obvious is the 
fact that the structures were placed on outcroppings of peat. 
The weight of the units, when combined with wave agitation, 
may have been too much for the clay foundation and the natural 
response was for the units to settle. It is unknown as to 
whether there would be further settling of the units with 
time, but the effectiveness of the structures diminished as 
the units settled. 
In terms of the position of the uni ts, there does not 
· appear to be any indication that the structures moved 
lat.erally during the study period. Model tests have indicated 
that the weight of the structures would be sufficient to 
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prevent the units from being transported along the bottom or 
overturning (Dalrymple et al., 1991). 
4.3 Sediment Samples 
As seen in Table 1, Phi siz-es decreased for every profile 
except at line H. This exception can probably be attributed 
to experimental error in determining sediment size. As Phi 
:sizes increase particle diameters decrease, thus the 
comparat;ively smaller sizes shown in the final profiles 
indicate larger grains· of sand on the beaches. With this in 
mind, one w9uld expect decreased sand sizes as the sheltered 
beaches w·ould accumulate finer sediment transported along 
shore, especially in profiles C through H~ However, initial 
profiles were gathered at the end of a summer, while final 
profile collections were made in early • spring, and this 
seasonal difference may ·have created the· changes in sand size . 
. 
During the months of winter and early spring, wave 
attacks on· the beaches tend to be mar~ intense than the 
relatively calm waves of summer and early fall. Higher wave 
energy t_ends to erode beaches of the small.er sediments, 
leaving behind the larger sands. This se_asonal energy causes 
spring beach profiles to have greater sand sizes than fal1 
profiles, thus accounting for the differences in Phi sizes 
from the initial to final profiles. 
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Smaller sand sizes are usually found just behind the 
structures, as these areas of accretion would gather the finer 
sediments. There is no indication of this occurring from the 
Phi sizes found. The sand in all of th~ profiles fell in_the 
medium to fine ·range of sand grain sizes. Median diameters 
are from approximately 0.29 to .0.175 millimeters (Griffiths, 
1967). 
4.4 Littoral Environmental Ob~ervation (LEO) Data 
Se~sonal graphs of energy flux- factors (P1 s) versus time 
are shown in Figures 18 to 23. These lon~shore flux factors 
are proportion~l to energy flux, Pi, and longshore transport 
rate, Q. Calculating transport rates from tEO data is rather 
unreliable, so only ·energy flux factor values we·re derived. 
The equation used to determine Pis values from LEO data (SPM, 
1984·) is the following: 
where 
Pis= 0.0884 pg1 · 5 Hb2 · 5 sin 2ab 
p - density of seawater 
g - gravity constant 
Hb - breaking wave height 
ab - angle between wave crest and shoreline 
The data was not collected on a regular basis sb heither 
monthly nor seasonal ~verages were tabulated as they could be 
misleading. Due to the same reason analyzing the seasonal 
graphs. for trends: may be imprudent, but some observations can 
46 
lEO DATA FOR FAIL 1989 
BOO ........................ , .............................................................................. , .... , .... · ......... _. .............................. _ .... . 
~ 
trj ~ 0 u 
0,) ~ f""T 
600 ·············································································.·························,·,···.················.·····.·····:··········•·:··········· 
+ 
0,) 
-
·t-ti ~ 0 4:00 
t-i + ~ 
erj ~ .p.... 0,) -....J ,._. ,._. ~ 
+ + + 
. ·+ ........................................................................................................................................................ . 200 
+ + + + + ++ + 
t-- ~ \.0 t," 00 \.0. 
~ -200 
0 -t---....a.------;;1.....-+-=----~~z;:---1'1,6.--......:;a:_~.-... +--4-t~--+.=-=--~-4ili ... +~-+--+-..... __... 
+ + ++ + + 
+ + + + 
............................................................................................ + ............................................................. . 
+ + 
~ 
tll -400 ........................................................................................................................................................................................................... 
§ 
0 -600 
. . 
.. -- -- -- .. -............. -- -- -- ........ -.............. -- .. -- .............. -............. -- ..................................... -......... -- ... -- -- ............ --.... --. - ..... --- ...... --- .. -................... -... -. -- - ...................... -...... -- .. 
YJ 
-
-800 ........................................................................................................ ~ ................. ·~---·---·················-~-~--······-----------------··········-·····-~--
AUG SEP OCT NOV DEC 
POIN'ffi OF DATA mUECTION 
'"rj 
I--'• LEO DAT A FOR WINTER 1 9 9 0 aq 
C: 
l"i 1000 
(D 
~ 
\.0 800 --············ ·--·········.··········-· .•············--·--··-········--····················----------------------·--·--····-·······-·------·--·······-··-···-· 
~ 
.,,-... 
I 
t'Ij t-- 600 ································-~--~----········································-----~------------~·-················································-······ 0 ~ u 
~ 
..._, 
r,- M .C.00 + ········································-~---~-----·.················-······-···················-~----------~-·------------------····················--·-······-~ Q. 
H1 
. 0 ~ l"i 200 
t-
s-1 u ....... +'. I--'• ~ 
co ::, ~ 
r,- ~ (D 
+ + 
+ + 0 
+ + + + l"i r: + + ~ 
>-\.0 
\.0 C) 
0 ~ 
-200 
-.c.oo 
+ 
..•..•.•••••.••..••••.••.••..•.••••••••••••••••.•.••..•••••..•..•......•.•........•.........................•........•..... · ...•..............•............. 
.,,-... 
I 
t--
~ 
Cl) -600 ..•....••.•......••.••••..•..•...•••.••..•..•.••..•..•..•.•..••...............•••.....•......•...•.••..............•..•.•.....••.•.....•.................. . . . 
..._, 
-800 . . 
. . 
. 
--............... -............................ -............. --.. -.. -.. '• -. --•.• .. --. -.. -..... -...... -... -................. -.. -............ -. -........ -......... .. 
. 
. 
-1000 
JAN FEB 
Pc»ITS a:- DATA Ca...LECTDJ 
~ 
'° 
N 
0 
~ 
t:Tj 
0 
u 
OJ 
rt 
OJ 
H) 
0 
l"'i· 
en 
'u 
l"'i 
f-1• 
::l 
·JG 
....... 
'° 
'° 0 
,,-.... 
:r 
~ 
~ 
-....J 
.,, 
Q.. 
. 
~ 
~ 
u 
~ 
l£.. 
X 
=., 
~ 
>-
C) ; 
,,-.... 
:r 
~ 
B 
Cl) 
'-"" 
LEO DATA FOR SPRING 1990 
1000 
800 -----···.···-~-----------------·-··-········. ------·-·········-······································-·········-·······----····'••······--···········-······ 
600 ··················-··················--······················------·······--------------------------------····--------~-~---·---------·····-···-·-····-~----
+ 
400 ...................... · ...... ~ ............. · .. :- ...................................... +· ................................................................... . 
+ 
200 ....................................................................................................................... +· ............................... . 
+ + 
0 + + + ++ ++ 
-200 ····························································································································~··························· 
+ 
+ 
-400 
-600 ---···················································································································.·········.············· •............ 
-800 ---··················---~---·······················------------------------------~-----·-----.·-------····--·-····------··---·-·····-············-············ 
-1000 
PC»fTS 0:- DATA CO..LECT~ 
t-rj 
t-'• 
00 
C LEO DAT A FOR SUMMER 1 9 9 0 
1-i 
(D 1000 
.N 
1----' 
. BOO . ...... ····· ···························-----------------····························--------------······························-····················~···· 
r 
trj .......... :c 0 .._ 
u ~ OJ 
rt "-" 
I 
OJ .,, 
600 
.C.00 
...................•......•..........•....•...............•........................................•..................................... ~· ...... , ....... . 
+ 
+ 
+ 
H-i CL + 0 
. 
l"i ~ 
C/.l .._ 
200 
+ U1 C u 
0 s ~ 
s u.. 
(D ~ l"i 
~ ~ 
+ + + + 
0 
+ 
+ 
+ 
+ 
\..0 
\..0 ~ 
0 (:) 
~ 
-200 
-400 ···········································-···· .•••..••...••...•••...•....•.................................... · ..... · ····································· 
.......... 
:c 
t-
~ 
Cl) -600 . . ..... ·············-------~--------~---· ·····················.······················-·· ·---····················--···. ··················-············ 
"-" 
-800 ················································-·····························~-······························································~············ 
-1000 
JLJ... A.LG SEP 
PC»lTS CF DAT A CCX._LECTDJ 
Vl 
....... 
N 
N 
~ 
trj 
0 
t::i 
0) 
rt 
0) 
H-i 
0 
l'1 
'Tj 
0) 
f--' 
f--' 
....... 
·I.O 
I.O 
0 
...-... 
:J: 
~ 
~ 
.....,, 
.,, 
-a.. 
. 
~ 
~ 
u 
~ 
~ 
~ 
~ 
>-(!) 
~ 
...-... 
:J: § 
Cl) 
.....,, 
LEO DATA FOR FALL 1990 
1000 
BOO ······················································-········-·······-······························-···-~·-.····················-~---······················ 
600 .................................. · ·························-·········-«••······ · ..... · ~--········· · ................................... · ···········-······· 
4.00 
+ + ++ 
200 ··········································································------·----------------------------------------·--·~---·······················-
+ 
+ + 0 
+ 
+ 
-200 
+ 
-.c.oo .•••.•.••••••.••.•.••••••••••.•••••.••••••••.•.•.•..•.....•..•.............•...........•.......•••.••.•......•..•..•......•.......•....•................... 
+ 
-600 . . . 
. 
..........................•...•...................•........... , •..•......•......•....•..•..•.•........••.....•...•...•....................................... 
-BOO ··········-··············-··················----·--·-----··················-································-····································-············ . . . . . 
-1000 
OCT tOV occ 
PC»ITS a:- DATA CCl...LECTm 
V, 
N 
N 
w 
c:-' 
trl 
0 
v 
(l.) 
rt 
0) 
H, 
0 
t'1 
~ 
j-J• 
::l 
rt 
ro 
t'1 
"-
(/) 
'"d 
t'1 
i-J• 
::l 
)'Q 
.._. 
\..0 
\..0 
.._. 
......-.. 
:J: 
t-
~ 
..._, 
.!! (L 
. 
~ 
t-
u 
~ 
LL 
~ 
~ 
>-C) 
~ 
......-.. 
:I: 
t-
a (ll 
..._, 
1000 
800 
600 
.-.oo 
200 
0 
-200 
-400 
-600 
-800 
-1000 
LEO DAT A FOR WINTER/ SPRING 1 9 9 1 
···············-·············································································---·································~---·····-·-················ + 
+ ·····-~·-·································································································· ... ····· ................... ' ................. . 
+ ············································································································~·-·········································· 
---~·-··············································································-~---·················· ... ········································ 
+ + 
++ + 
+ + 
++ + 
+ ·························································································································································· 
+ 
+ ···································-······················································································································ 
··············································~··················~-·~······························································-~····--~---········.·~----~ 
.................. -........ -........ -......... -. -........ -................ -.. -..... -............ -. -... ~ .... --~ . -. -.... -.. -..................... · .. -............ . 
JAN FEB APR 
POOTS 0:- DATA C~LECTDJ 
be made. 
Net littoral drift is expected to be to the south at the 
project location (SPM, 1984). Examinations of the LEO data 
indicate, however, that transport appears to .be slightly 
northward, except for late fall and early w.inter of 1990. 
Energy flux factors shift from north to south in the fall of 
1990, and remain relatively stable through the winter, with a 
couple of exceptions in the latter days of the season. Spring 
of 1990 involved scattered northern transports with a few 
southern rates interspersed. The summer involved 
predominantly n·orthern P18 values, as did fall of the year, 
although there was more southern transport than in the summer. 
~arly winter of 1991 brought the worst storms of the project 
period as indicated by the very hig_h ~nergy flux factors.. It 
appears that the greatest amount of scouring occurred at this 
time, as seen in the profile graphs in Figures 4,5, and 7 to 
16. A deep hole was formed on the landward side of the 
structures and at the ends. This trench is created by many 
factors, but the higher energy of this season would induce 
stronger currents around ·the structures, which would in turn 
scour the areas indicated. 
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5·. 0 CONCLUSIONS AND RECOMMENDATIONS 
5.1 Conclusions 
This study has investigated the impact and effectiv~ness 
of "Beachsaver" breakwaters on the beaches of Sea Isle City, 
New ~ersey. Seasonal beach profiles, littoral environmental 
obsetvations, and sand size analyses have been examined to 
determine the usefulness of these structures in combatting 
beach erosion. Also analyzed was the settling of the 
structures which occ~rred throughout the life of the project·. 
Three observations can immediately be made upon visiting 
the site. The most noticeable is ·tbe misshapen appearance of 
the structure~. As noted above the primary cause for this is 
probably the unstable foundation of peat upon which the units 
were installed. The result of this settlement is a hindrance 
to the eff.ecti veness of the structures due to their decreased. 
height. 
A second ob$ervation is the trench ·which was formed on 
the landward side of the breakwaters, as indicated in Figure 
24. The stability of the structures would app·ear to be 
undermined by the existence of this scoured trench, although 
no lateral movement of the units was observed. The shape of 
the structure enables waves to freely run over the structure 
and plunge down the ste~p, landward side. This plunging 
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a~tion would appear to have a scouring effect at the base of 
the units. The peat again seems to be a factor, as does the 
lack of a suitable foundation upon which to set the units. 
The beach shape is also very noticeable upon viewing the 
site, as salient formation did occur landward of the 
breakwaters as ~xpected. While these areas of acc~etion are 
the goal of the installation of offshore structures, it is 
doubtful that there is a het accumulation of sand when the 
scoured regions are considered. Also, although there is a 
larger b~ach for recreation, the danger of an offshore trench 
must be examined. 
The large tidal range of the project area tends to limit 
th~ effectiveness of the units at higher tides. Alt~ough the 
relatively small size of the structures enhances their 
appearance and keeps costs down, it also has a negative impact 
on their usefulness. This is supported by Dalrymple et al. 
(1991), who sugg~st that energy dissipation is gr~atly 
affected by depth of water above the structure. That report 
shows that as depth • increases, energy dissipation and 
refl~ction decrease, as does beach accumulation. 
5.2 Recommendations 
Based on the results of the investigation of the 
"Beachsaver" breakwaters, the following are recommendations 
56 
for future use of the structures in protecting beaches and 
hindering erosion: 
1. The area upon which the struo~ures are to be installed must be sampled before any development is to take place. In this study the existence of peat was one of the greatest obstructions to the usefulness of the units. If the breakwater are placed on more stable sarid, settlement of the units and toe scour would probably be greatly reduced. 
2. A more effective means of installing the structures must be found. The units were proposed to be placed further offshore in accordance with normal design practices (SPM, 1984). The helicopters were inaffective and costly, while the onshore crane did not reach desired offshore distances. Barges carrying cranes may be more effective, as could be the temporary construction of a load carrying groin upon which the units could be car~ied and installed. A cost analysis study would be required, and further model testing to find an optimal offshore location is recommended. The structures are rather unsightly, and an installation at a greater depth would aid the aesthetics ·of the ·project immensely. 
3. The base of the units must include a more effective lining. A filter fabric was installed under the 
"Beachsaver" units which was supposed to prevent scouring, but this was obviously not the case. care must be tak~n to design a more effective means of impeding scour, and model testing would be appropriate i~ possible. A bed of gra:vel under the structures may inhibit both scouring afid settlement of the units. 
· 
4. A cost analysis shouid be conducted to determine the overall effectiveness of this project. The expected life of the units is unclear, but in the short length of this project it would appear that a simple placement of sand on the beach at an appropriate location would be more cost effective than the breakwater installation. 
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5. Two change$ in the shape of the breakwater units could improve their effectiveness. One is to change their orientation such that the steeper side faces the sea. Scouring was a major problem, and the. waves riding over the structure and then plunging down th~ steep~ landward side could be avoided if the units were placed differently. Another alteration would be to increase the ability of the seaward face to dissipate energy. The stepped face which currently exists does not appear to effectively dissipate the incoming wave energy. However, if some type of roughness wer~ added to that surface, such as the placement of concrete blocks or cylinders, the waves would probably lose more of their energy. Th~ roughness units would .need have a height of approximately a foot or more to have a _substantial impact. Model. testing would provide more exact details of design specifications. 
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